Heparin type IV collagen interactions: equilibrium binding and inhibition of type IV collagen self-assembly.
Interactions between type IV collagen and heparin were examined under equilibrium conditions with rotary shadowing, solid-phase binding assays, and affinity chromatography. With the technique of rotary shadowing and electron microscopy, heparin appeared as thin, short strands and bound to the following three sites: the NC1 domain, and in the helix, at 100 and 300 nm from the NC1 domain. By solid-phase binding assays the binding of [3H]heparin in solution to type IV collagen immobilized on a solid surface was found to be specific, since it was saturable and could be displaced by an excess of unlabeled heparin. Scatchard analysis indicated three classes of binding sites for heparin-type IV collagen interactions with dissociation constants of 3, 30, and 100 nM, respectively. Furthermore, by the solid-phase binding assays, the binding of tritiated heparin could be competed almost to the same extent by unlabeled heparin and chondroitin sulfate side chains. This finding indicates that chondroitin sulfate should also bind to type IV collagen. By affinity chromatography, [3H]heparin bound to a type IV collagen affinity column and was eluted with a linear salt gradient, with a profile exhibiting three distinct peaks at 0.18, 0.22, and 0.24 M KCl, respectively. This suggested that heparin-type IV collagen binding was of an electrostatic nature. Finally, the effect of the binding of heparin to type IV collagen on the process of self-assembly of this basement membrane glycoprotein was studied by turbidimetry and rotary shadowing. In turbidity experiments, the presence of heparin, even in small concentrations, drastically reduced maximal aggregation of type IV collagen which was prewarmed to 37 degrees C. By using the morphological approach of rotary shadowing, lateral associations and network formation by prewarmed type IV collagen were inhibited in the presence of heparin. Thus, the binding of heparin resulted in hindrance of assembly of type IV collagen, a process previously described for interactions between various glycosaminoglycans and interstitial collagens. Such regulation may influence the assembly of basement membranes and possibly modify functions. Furthermore, qualitative and quantitative changes of proteoglycans which occur in certain pathological conditions, such as diabetes mellitus, may alter molecular assembly and possibly permeability functions of several basement membranes.